Simple screening tests for visual and tactile inattention were used to investigate the influence of perceptual deficits on predictions for the outcome of acute stroke. This influence appeared to be minimal in patients aged over 70 and greatest in younger patients who were incontinent or more severely functionally impaired at the time of the perceptual assessment.
INTRODUCTION
Although perceptual problems often hamper stroke rehabilitation and appear to influence the ultimate outcome [1] [2] [3] [4] [5] [6] [7] , little is known about which aspects of recovery are most affected. Moreover, since perceptual problems are associated with more extensive neurological damage [8] it is difficult to separate their specific influence on recovery from the general effect of severity of stroke. Few studies have attempted to allow for such confounding effects directly [9, 10] , and those that have used multivariate models to predict outcome have varied widely in their assessment of the independent contribution of perceptual impairment [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, these models have mostly included variables not directly related to severity of stroke.
In the study reported here, simple screening tests for visual and tactile inattention were used to study the influence of perceptual impairment on various aspects of recovery in conscious victims of stroke. The confounding effects of other variables were accommodated in three ways. Results were first stratified according to important prognostic markers such as age and continence, in order to define categories in which the influence of perceptual impairment was strongest. Second, a non-parametric analysis was used to compare changes in activities of daily living (ADL) score between assessments in those with and without perceptual test deficits, allowing for the initial ADL score. Finally, partial correlation coefficients obtained from multivariate linear regression analysis were examined, to see how the strength of association between results of the screening tests and outcome was affected by controlling for several indices of severity of stroke at the same time.
PATIENTS AND METHODS
The 362 patients in this survey were taking part in a study of beta-blockade in acute stroke 'BEST Trial' [20] . All were seen within 48 h of the onset of symptoms of a cerebral hemisphere stroke, all were conscious (alert or drowsy) initially and none had suffered from major mental or physical disability before the stroke. All were examined on admission, on day 8, and at one and six months. Over 95 per cent of these assessments were carried out by the author.
The perceptual screening tests consisted of a simplified version of the visual field 'confrontation' test and a test for tactile inattention [21] . In the visual test the assessor sat face to face with the patient, maintaining eye contact with both eyes open, and moved the fingers of first one hand then the other, then both together, asking the patient to indicate which was moving without looking directly at it. The test was repeated in the lower and upper halves of the visual field and if responses were inconsistent the whole procedure was repeated several times in different orders until a stable pattern emerged. A three-point scoring system was used (grade 1 = normal, grade 2 = visual inattention or extinction and grade 3 = hemi-or quadrantanopia).
In the tactile screening test, the investigator touched the patient first on one side, then on the other and then both together. The procedure was repeated on the arms and on the legs, and again several cycles were sometimes needed to establish a consistent pattern. An analogous scoring system was used (i.e. grade 1 = normal, grade 2 = sensory extinction, grade 3 = anaesthesia on affected side); in this report grades 2 and 3 are not distinguished except in the correlation analysis (see Table 5 ).
The presence and severity of urinary incontinence was assessed by direct observation and by scrutinizing nursing records, and the scoring systems for this and for some of the other neurological and functional assessments are explained in the Appendix. Activities of daily living (ADL) were assessed on a 10-point scale designed and validated for stroke patients [22] . The activities are in order of difficulty so that, for instance, nearly all patients with a score of 4 will be able to feed, wash and transfer themselves from bed to chair, but not to walk or dress independently. Table 1 shows the overall status (at home, in hospital, or dead) at one month in patients with and without impairment on the perceptual screening tests on day 1, and at six months in those with and without perceptual deficits at one month. Results are shown separately for patients who were continent (top half of table) and incontinent of urine at the time the perceptual tests were done, continence being one of the most important determinants of functional outcome [23, 24] . Both visual field and tactile sensory inattention or loss on day 1 were associated with a significantly higher fatality and a lower discharge rate within the first month; the effect was confined to the group of patients who were incontinent initially. Approximately 90 per cent of patients who were continent at one month were at home by six months, regardless of perceptual impairment. Similarly, just over half of those who were continent on admission returned home in the first month, whereas very few of those who initially suffered both from incontinence and from perceptual impairment left hospital within this period. The similarity between the groups with visual and tactile deficits throughout the Table suggests that both signs might have been acting as non-specific markers of overall stroke severity.
RESULTS

Relationship between perceptual deficit and overall outcome
Relationship between perceptual deficit and functional recovery
More specific measures of function are examined in Table 2 . The 10-point ADL scale is divided into three categories and dressing ability is also considered separately. Here there was a clearer distinction between the two perceptual tests, tactile inattention being the better predictor of functional outcome at six months. Overall months 0-3* n (%)
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A similar pattern was seen when the analysis was confined to those patients who survived six months (data not shown)*, thus eliminating some of the confounding effect of overall stroke severity, which markedly affects mortality. Stratification by age as well as continence showed that the influence of perceptual deficits on day 1 was greater in younger patients and in those who were incontinent of urine (and therefore likely to have been more disabled initially). Of the two screening tests, tactile inattention again showed the closer relationship with functional outcome (data not shown).
In Table 3 , the influence of perceptual impairment at one month is investigated, again stratifying by age and considering six-month survivors only. At this stage also, tactile inattention appeared to be a better predictor of functional outcome than visual field deficit. Indeed, the latter seemed to have no influence on outcome in patients aged over 70.
One of the main determinants of ADL score at six months is the ADL score at one month. The results in Tables 2 and 3 take some account of overall severity of stroke, but the comparisons could still have been influenced by differences in the degree of functional recovery at the time of testing between those with and without perceptual deficits. In Table 4 , therefore, comparisons between those with and without perceptual impairment are shown separately for each initial level of activities of daily living. This time, the changes in ADL score between assessments are ranked in order of magnitude and the mean ranks (columns 4 and 9) compared in each subgroup (Mann-Whitney), rather than the mean scores. To combine the subgroup comparisons and to estimate the significance of the overall effect of perceptual impairment, the differences between each pair of mean ranks (columns 5 and 10) are themselves arranged in ascending order, and a Wilcoxon signed-ranks test performed.
Once again, the influence of perceptual impairment was stronger in those with greater initial disability. The overall effect of tactile sensory deficit was greater than that of visual inattention/hemianopia, though the method used to assess statistical significance was rather insensitive. A similar analysis (data not shown) showed the influence of screening test deficits at one month on changes in ADL score between one and six months to be negligible.
Relationship between perceptual deficit and length of stay in hospital
Even if, in some patient groups, performance on the perceptual screening tests appears to have little influence on functional outcome at six months, perceptual problems might still delay the achievement of that outcome.
A similar analysis to those shown above was therefore performed, comparing lengths of stay in hospital, rather than ADL scores, in the various subgroups. Both kinds of perceptual impairment were associated with a delayed return to independence, but visual inattention or hemianopia only appeared to prolong hospital stay in those aged under 70 whereas tactile inattention seemed to delay discharge in patients of all ages (data not shown).
Multivariate analysis
Although the apparent effects of perceptual impairment on recovery from stroke are not eliminated by controlling for individual factors such as age and ADL score, they could still be accounted for by the influence of other associated variables. Further stratification of the data to allow for these factors would produce subgroups too small for reliable comparison, so multivariate linear modelling must be used to control for several variables simultaneously.
In Table 5 , the strengths of the relationships between the perceptual screening test results at one month and various measures of outcome are represented by Pearson correlation coefficients, and the results are adjusted for age, continence and functional ability at one month. The figures in the last two columns are calculated using the proportional changes in functional scores between one and six months, obtained by dividing the absolute changes by the 'room for improvement' (the difference between the maximum score on the scale and the score at one month). The column for 'change in mobility score' has been left out, there being no significant association with either screening test, before or after adjustment for covariates.
The unadjusted correlation coefficients in the first row show a strong relationship between perceptual impairment and length of stay in hospital, but after controlling for the effects of age and level of function at one month the association with tactile inattention became insignificant. Once again there were differences in the pattern of relationships shown by the two screening tests with functional outcome at six months. The correlation between visual field abnormalities and final ADL score was relatively weak and became insignificant after adjusting for the functional level at one month, whereas tactile inattention was associated with significantly worse functional recovery even after such adjustments were made. The fact that a similar trend is seen in the last two columns, where changes in ADL and dressing ability are considered rather than absolute scores, suggests that the differences between the screening tests are not merely due to mathematical artefact.
DISCUSSION
The question of the prognostic value of perceptual impairment is complex. Many authors have suggested that various perceptual tests, ranging from clinical examination of visual fields [6, 13, 14] through simple cancellation [16, 18] , drawing and copying tests [4, 5, 9] , to longer assessments requiring special equipment [1, 3, 7, 10, 15] and complex batteries of tests [2, 17, 19] , are useful in predicting functional outcome. Drawing tests are difficult to standardize however, and the complexity of some other tests may deter therapists and clinicians from attempting any form of perceptual assessment.
The perceptual screening tests used here have the advantage of speed and simplicity, though, as with many bedside assessments, interobserver reliability is likely to be a problem. The findings of this study would not have been affected in this way, but they could have been weakened by spurious short-term fluctuations in the screening test results. However, the technique of repeating the test procedure until a consistent pattern emerges should guard against this possibility.
In a previous study [21] , strong associations were found between the screening tests (especially the visual test) and scores on the Rivermead Perceptual Assessment Battery. The same study also addressed the question of whether sensory inattention and apparent hemisensory loss should be included on the same rating scale. Deficits rated as 'grade 3' in the first week frequently turned to 'grade 2' during the course of recovery, suggesting either that the initial hemianopia or hemianaesthesia was a severe form of inattention or that the two deficits often co-existed.
Almost any neurological abnormality is more likely to be found in a patient with a severe stroke than in one who is only mildly affected. Thus, the overall prognosis in the group of patients with the abnormality will be worse than in those without it, whether or not it has any independent effect on outcome.
There have been few prospective studies of representative groups of stroke patients in which any allowance has been made for the effect of overall severity of stroke at the time of perceptual testing. In a survey based on a stroke register, Kotila and colleagues [9] found that 12 patients with inattention or neglect made less improvement in activities of daily living than 27 other victims with equal degrees of hemiparesis but without gross perceptual impairment. Sunderland et al. [10] compared the changes in ADL score in pairs of patients with and without neglect, who had similar scores at three weeks. In eight out of 11 pairs, the patient with neglect showed the smaller functional improvement.
If perceptual impairment does have an independent effect on functional outcome, various multivariate models have differed widely in their assessment of its magnitude. The groups of Anderson [11] , Feigenson [12] , Wade [14] and Fullerton [16, 18] found it to be a major independent predictor, whereas those of Prescott [13] , Henley [15] , and Lincoln [19] accorded it little importance in multivariate analysis. Bernspang et al. [17] distinguished tests of'high order' and 'low order' perception and found both to be independently related to overall functional ability, though the latter was assessed at the time of the examination rather than at a later stage.
These differences can probably be explained by variations in the range and sensitivity of the perceptual rating scales and outcome measures used, and differences in the other variables included in the various models. The first study of Fullerton and colleagues [ 16] was the only one specifically designed to investigate the independent effect of perceptual impairment. They used a standardized test of visuospatial neglect (Albert's test [25] ) and found it to be a statistically significant independent predictor of both mortality and functional outcome. However, the magnitude of the effect is not stated and the other variables included in the analysis are not listed.
In the study, reported here the influence of perceptual deficits detected by the screening tests on functional and overall outcome appeared small in older patients and in those with initially milder functional impairment. When multivariate analysis was used to control for the effects of other prognostic factors, the overall relationship between visual inattention/ hemianopia and functional outcome all but disappeared; however, there was still a significant association with length of stay in hospital. By contrast, even after adjusting for covariates, tactile inattention at one month was still associated with a greater degree of functional impairment at six months. It was clear, however, that the best predictor both of the final functional outcome and of the likelihood of improvement in functional independence was the current ADL score, even if other variables made some independent contribution.
Neither of the perceptual screening tests nor any of the other neurological variables investigated were of any help in predicting mobility at six months or change in mobility score between one and six months, once the effect of age and of the level of mobility at one month had been accommodated.
Several limitations of multivariate linear models in this situation should be mentioned. First, correlation analysis only takes account of linear trends so that strong non-linear relationships between variables may be missed (though scatter plotting did not reveal any such associations in this study). Second, the results of the analysis are critically dependent on the way the variables are defined and graded. In this study for instance, the strength of the correlations in Table 5 was increased by keeping the three-level grading for the visual field screening test and thus treating hemianopia as a severe form of inattention [21] . On the other hand, the small number of patients who still had hemianaesthesia at one month did not demonstrate tactile inattention, so that correlation coefficients were slightly improved by combining grades '2' and '3' on the scale. Finally, the mathematical assumptions necessary for multivariate linear modelling may by no means always be valid in practice. Thus it is not possible to make quantitative claims about the clinical significance of the relationships found, but only to indicate where such relationships exist.
Even if the actual clinical importance of perceptual impairment cannot be estimated reliably from this study, the results, if confirmed, could still have major practical implications. First, poor performance on tests such as the Rivermead Perceptual Assessment Battery, which are closely related to the results of the visual field screening test [21] , may predict slow recovery rather than failure of rehabilitation. Secondly, combining a test for tactile inattention with a visually-based perceptual assessment might be particularly useful for predicting the rate and extent of recovery from a given level of disability.
Stroke victims with impairment of visual perception, but without other major adverse signs, may thus be expected to recover function slowly but do well eventually. It is thus vital for clinicians to give ample time and encouragement to such patients and for researchers to find effective therapies for their disorders.
